To determine susceptibility to varicella zoster virus (VZV) infection among children, pregnant women and health care workers in Newfoundland. DESIGN: Cohort and cross-sectional, province-wide, population-based seroprevalence study.
A lthough varicella is a self-limiting disease in preschool and school-aged children, the risk of complications and hospitalizations following varicella in healthy children may be higher than reported a decade ago (1) . Also, reports from the United States and the United Kingdom have indicated an upward shift in the age distribution of varicella (2) (3) (4) . This shift has major public health implications because varicella is generally more severe in adolescents and adults, and can result in severe life-threatening complications and death in previously healthy individuals (5) (6) (7) (8) (9) . Varicella also has important consequences for susceptible, pregnant women (3) . Varicella during pregnancy can lead to congenital varicella syndrome in the fetus, and perinatal exposure can result in severe neonatal varicella with a fatality rate of as much as 20% (10) . Nosocomial varicella can be both costly to the hospital and disruptive to patient care, and susceptible health care workers play a major role in transmitting the disease in this setting (11) (12) (13) . Regardless of a person's age, varicella may be lethal in the presence of biological or iatrogenic immunosuppression. The continuing spread of HIV and the increasing number of individuals undergoing solid or nonsolid organ transplantation, along with the changing epidemiology of varicella, are expected to contribute to future varicella morbidity and mortality rates (5) . The cost of varicella in Canada has been estimated to be $122.4 million/annum or $353/case (14) .
Varivax, a live, attenuated varicella virus vaccine (Merck Frosst Canada and Company, Canada), was recently approved for routine use in Canada. The Canadian National Advisory Committee on Immunization has since recommended varicella vaccine to any person older than 12 months of age who is susceptible to varicella (14) . Following licensing of Varivax in the United States in 1995, the United States Advisory Committee on Immunization Practices made a similar recommendation (6) . Varicella immunity is desirable in adolescents and adults, and there are indications for assessing varicella immune status for specific populations from the standpoint of vaccination and other preventive strategies (6, (12) (13) (14) . In view of the above, and because there is no current information on the prevailing susceptibility to varicella zoster virus (VZV) in the Canadian population, a study was carried out to assess the prevalence of VZV antibody among groups of people representative of the general population in Newfoundland.
STUDY POPULATION AND METHODS
The provincial Public Health Laboratory (PHL) in St John's, Newfoundland had access to serum samples previously collected from preschool and school-aged children across the province for a related study. These specimens were used to determine varicella susceptibility in children of different age groups in Newfoundland. Routine seroscreening services for infectious diseases including varicella are centralized at the PHL, and these services are used for prenatal screening as well as for pre-employment and student pre-admission screenings. The above provided the PHL with access to serum specimens from different age groups of adults representing the general population in the province. Study population: The study population was from across the province, and was divided into the following four groups: preschool children; school-aged children; pregnant women; and persons in health care settings. The preschool group was a cohort of 586 children aged one year, 288 females and 298 males, representing all five health regions in the province. They were randomly enrolled over a one-year period during 1992 and 1993 in a study dealing with measles immunization strategy. In connection with this study, blood samples were obtained from this cohort at one, two and four years of age, and the leftover serum specimens were used in the present study.
The school-aged group comprised 1135 children, five to 15 years of age. They were enrolled during 1995 in a crosssectional study also dealing with the measles immunization strategy. The number of children in each age group ranged from 50 (five years old) to 150 (11 years old), and both sexes were equally represented. To obtain provincial representation, these children were enrolled through random selection of schools across the province. A two-stage cluster sampling was completed in each of five health regions in the province; three schools were picked at random in each health region, and up to four classes within each grade in a school were approached to enrol volunteers.
The pregnant women group comprised 3643 women, 15 to 45 years of age. The number of women in each of five-year age group ranged from 268 (age 15 to 19 years) to 1139 (age 25 to 29 years), with the exception of the 40-to 45-year age group, which contained 57 women; 81% were in the 20-to 34-year age group. This group comprised slightly over one-half of those women who had their routine prenatal screening performed in the province during 1997. They were included in the study based on the availability of their leftover serum specimens.
The group in health care settings comprised 5386 persons, 15 to 55 years of age. The number of persons in each of fiveyear age group ranged from 411 (age 45 to 49 years) to 1284 (age 20 to 24 years), with the exception of the 50-to 55-year age group, which contained 62 persons. This group represented those whose blood specimens were received for hepatitis B, measles, rubella and/or varicella immune status screening as part of their routine health check during 1997. The majority in this group were health care workers representing various medical institutions across the province, and the rest were those seeking admission into professional schools in health care settings.
With the exception of pre-employment and pre-admission varicella immune status screenings which were performed nominally on request, this study was conducted as an anonymous population-based investigation using unidentified leftover specimens. The information retained on the study subjects included the age and sex of the patient. This study was approved by the Human Investigation Committee, Faculty of Medicine, Memorial University of Newfoundland, St John's, Newfoundland. Laboratory method: Varicella immunoglobulin (Ig) G ELISA test (Clark Laboratories Inc, USA) was used to determine VZV antibody status. This test allows for quantitation of varicella antibody and expression of the same in international units (IU) . By this test, a reading of less than 0.14 IU indicated nonimmunity, 0.14 to 0.18 IU was an equivocal result, and greater than 0.18 IU indicated immunity. In comparison with the immunofluorescent technique, this test has shown to have a relative sensitivity of 99.4% and specificity of 97% (package insert, Clark Laboratories). The Clark assay was found to be comparable with the Behring Enzygnost anti-VZV/IgG (Dade Behring, Germany) assay in a prestudy in-house evaluation. This test was performed according to the instructions provided by the manufacturer, and specimens with equivocal test results were considered to be negative for VZV antibody for analysis purposes.
RESULTS
Among the cohort of 586 preschool children, 565 (96.4%) did not have detectable VZV antibody, and two (0.3%) had equivocal results at one year of age. The proportion testing positive for VZV antibody increased from 3.2% at one year of age to 12.8% and 33.9%, respectively, at two and four years of age, indicating the extent of natural VZV exposure of the cohort during these intervals. The cross-sectional study of 1135 school children indicated a steady increase in the proportion testing positive for VZV antibody, from 44% at five years to 88.9% at 15 years of age, again indicating the cumulative incidence of varicella with advancing age. The above data on the age-specific prevalence of antibody to VZV for these two groups of children are shown in Figure 1 . Among the 3643 pregnant women screened, 3354 (92.1%) tested positive for VZV antibody. Similarly, among the 5386 persons in health care settings, 5013 (93.1%) tested positive for VZV antibody. In both groups, the proportion testing positive for the antibody showed an upward trend with advancing age, ie, 89.6%, age 15 to 19 years; 93.2%, age 25 to 29 years; and 96.5%, older than age 40 years, etc. Throughout the study, those testing positive for varicella antibody mostly had titres greater than 4 IU/mL.
DISCUSSION
A few population-based studies have been conducted elsewhere to determine varicella susceptibility and age-specific incidence of varicella (15) (16) (17) (18) (19) . The present study was based on a total population of 10,750 persons, comprising four groups of people covering the age range of one to 55 years. This sample size represented the general Newfoundland provincial population of approximately 680,000 people. This was a large scale seroprevalence survey, and it has provided current data on varicella susceptibility for a representative Canadian population. The data obtained in this study are consistent with those reported for similar populations elsewhere (15) (16) (17) (18) (19) . The presence of VZV-specific antibody in the absence of acute VZV infection is indicative of immunity to varicella, and therefore, testing for VZV antibody has been a traditional method for the assessment of varicella immune status. However, because the cellular immunity plays an important role in protection against varicella, the absence of VZV antibodies may not necessarily imply susceptibility. On the other hand, and more importantly, not all persons with VZV antibody are immune to varicella because reinfection can occur in those with a prior history of varicella (20) (21) (22) . The present study was a population-based survey carried out to determine the prevailing levels of susceptibility from the standpoint of varicella vaccination strategy, and therefore, the absence of VZV antibody was used as a marker of no prior exposure to varicella and, hence, taken to indicate susceptibility. For the same reason, those testing equivocal for the VZV antibodies by the assay used in the study were also considered susceptible.
The study data indicated that, among one-year-old children, including those with equivocal results, the proportion susceptible was 96.8%. Because the study showed that 92.1% of pregnant women had varicella antibody, it can be assumed that most children would have been born with maternally acquired varicella antibody, but obviously this antibody wanes to undetectable levels within a year in the majority of children.
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Figure 1) Age-specific prevalence of antibody to varicella zoster virus in a population from Newfoundland. Based on a total of 1721 children and includes a cohort of 586 children who were tested at one, two and four years of age, and a cross-sectional group of 1135 children five to 15 years of age
The small proportion testing positive for varicella antibody at this point may represent those with the residual maternally acquired antibody and/or those already exposed to VZV. Regardless, these data indicate that the risk of infection to varicella, if any, is minimal before one year of age. This risk increases considerably after this age, both during the preschool and early school years, as shown by a steady increase in the proportion of children testing positive for VZV antibody (Figure 1) . It is worth noting that part of the above data were generated in a cohort of one-year-old children who were followed up over a three-year period. The study data correlated with Newfoundland provincial disease surveillance data, which indicate that, over the past two decades, 70% to 85% of reported cases of varicella were in the five-to 10-year age group (23). It is also significant that the data generated in this study based on VZV antibody status of Newfoundland children correlate very well with the data reported in two other Canadian studies involving Manitoba and Quebec children, both of which were obtained via caregiver questionnaires (14, 24, 25) . With the availability of an effective varicella vaccine, universal varicella immunization is now considered important for all children (6, 12, 14) . In this context, the above data clearly support both the Canadian and the American recommendations to vaccinate routinely all susceptible children at 12 to 18 months of age (6, 14) . Varicella occurring during pregnancy is a growing clinical and public health concern (6, 10) . In 1997, a total of approximately 6500 women underwent routine prenatal screening in the province, and this was estimated to represent over 90% of pregnancies that occurred in Newfoundland during that year; the study population of 3643 well represented this group. The study indicated that the proportion of women testing susceptible was under 10%, and this falls within the range reported for general populations elsewhere (26) . In the absence of a vaccination program, it is likely that there will be a greater accumulation of susceptible women of childbearing age if there is an upward shift in the age distribution of varicella as indicated in British and American populations (2) (3) (4) . It is worth noting that there is a trend of increasing rubella susceptibility among women of childbearing age in Canada who received a single dose of measles-mumps-rubella vaccine during the 1970s (27) . In this context, it appears that a changing epidemiology of varicella could lead to a similar trend in VZV susceptibility. However, this proportion will remain small in the foreseeable future. Varicella vaccination is recommended for susceptible women of childbearing age (6, 12) . As a positive history of varicella is highly predictive of varicella immunity (15) , it will be cost effective to screen those with a negative or uncertain history of varicella, and selectively vaccinate those who are found susceptible. From this standpoint, it may be desirable and practical to include varicella immune status testing, if indicated, in the routine work-up of prenatal screening. Such a selective screening approach will undoubtedly provide the opportunity to identify susceptible women and facilitate vaccination after delivery, a strategy similar to that of the current prenatal rubella screening and vaccination program.
Introduction of varicella into the hospital environment commonly occurs, and nosocomial varicella is a major economic and health concern. Varicella in immunocompromised patients can result in severe and sometimes fatal illness. Preemployment screening of all hospital workers for varicella susceptibility or selective screening of those with a negative varicella history has been recommended (13, 28) . With the availability of an effective varicella vaccine, it will be prudent to implement such an approach and selectively immunize those found susceptible. Even without the availability of a varicella vaccine, varicella screening of health care workers who have direct patient contact is a routine practice in many centres, and has been so in Newfoundland for many years. In the present study, 6.9% tested susceptible, and this is similar to the figures reported for health care workers in the United States (29) . The proportion susceptible among those in health care settings in Canada is likely to be well below 10%, and selective screening and vaccination will be a cost effective approach in this setting (29) . Varicella is of major public health significance, and cost effectiveness studies have indicated considerable economic and health benefits with routine varicella vaccination of children (30) (31) (32) . Chickenpox is now the leading cause of vaccinepreventable deaths among immunocompromised children, and varicella in adults and varicella complications may be more frequent than previously estimated (1, (7) (8) (9) . Although less than 5% of varicella cases are reported among adults over 20 years of age, 55% of varicella-related deaths occur in this age group (7) . In addition, herpes zoster is also a public health and social concern, especially with increasing life spans (5, 33) . These facts underscore the public health and economic consequences of varicella and the need to implement an effective nationwide varicella immunization program.
